Background: The modern phenomenon of delayed parenthood applies not only to women but also to men, but less is known about what characterises men who are expecting their first child at an advanced age. This study investigates the sociodemographic characteristics, health behaviour, health problems, social relationships and timing of pregnancy in older first-time fathers. Methods: A cross-sectional study was conducted of 14 832 men who were expecting their first child, based on data from the Norwegian Mother and Child Cohort Study (MoBa) carried out by the Norwegian Institute of Public Health. Data were collected in 2005-2008 by means of a questionnaire in gestational week 17-18 of their partner's pregnancy, and from the Norwegian Medical Birth Register. The distribution of background variables was investigated across the age span of 25 years and above. Men of advanced age (35-39 years) and very advanced age (40 years or more) were compared with men aged 25-34 years by means of bivariate and multivariate logistic regression analyses. Results: The following factors were found to be associated with having the first child at an advanced or very advanced age: being unmarried or non-cohabitant, negative health behaviour (overweight, obesity, smoking, frequent alcohol intake), physical and mental health problems (lower back pain, cardiovascular diseases, high blood pressure, sleeping problems, previous depressive symptoms), few social contacts and dissatisfaction with partner relationship. There were mixed associations for socioeconomic status: several proxy measures of high socioeconomic status (e.g. income >65 000 €, self-employment) were associated with having the first child at an advanced or very advanced age, as were several other proxy measures of low socioeconomic status (e.g. unemployment, low level of education, immigrant background).The odds of the child being conceived after in vitro fertilisation were threefold in men aged 34-39 and fourfold from 40 years and above. Conclusions: Men who expect their first baby at an advanced or very advanced age constitute a socioeconomically heterogeneous group with more health problems and more risky health behaviour than younger men. Since older men often have their first child with a woman of advanced age, in whom similar characteristics have been reported, their combined risk of adverse perinatal outcomes needs further attention by clinicians and researchers.
Background
The modern phenomenon of delayed parenthood applies not only to women but also to men [1] [2] [3] , and men are often around three years older than women when having their first child. In Norway during the period 1975 to 2011, the mean age of first-time fathers increased from 26 to 31 years, and in first-time mothers from 23 to 28 years (http://www.ssb.no/fodte/tab-2012-04-11-04. html). The postponement of parenthood has been explained by factors such as rising female employment, expansion of university education, gender equity, partnership formation, delays in leaving the parental home, financial insecurity among young adults, family policies and effective contraception [4, 5] .
Research on obstetric and infant outcomes has mainly focused on the consequences of advanced maternal age [5, 6] and less on the role of fathers. However, a review by Sartorius and Nieschlag [7] concluded that increasing paternal age was not only associated with fertility problems, but also with miscarriage, fetal death, very preterm birth, preeclampsia, caesarean section, and offspring problems such as birth defects, schizophrenia, autism, and cancer. Most of the studies in the review controlled for maternal age. Infertility and adverse obstetric and infant outcomes were explained by the association of increasing paternal age with declining androgen levels, deterioration in sperm quality and influences on the DNA integrity of the sperm. The authors also discussed possible effects of age-related cofactors, such as vascular diseases, accumulation of toxic substances and infections of the reproductive accessory glands.
When discussing consequences of advanced maternal and paternal age, it is often argued that adverse health outcomes should be weighed up against potential social advantages for the children, because the parents are more likely to have progressed in their careers and to have financial security [7, 8] . While this may be true for most children of older parents, our recent findings in a study of the characteristics of older first-time mothers suggest that the picture is more complex [9] . In addition to having more age-related reproductive and physical health problems, women of advanced age constituted a heterogeneous group characterised by either socioeconomic prosperity or vulnerability. On the one hand, high maternal age was associated with high annual income; and on the other hand with a low level of education, single status, unemployment, an unsatisfactory partner relationship and an unplanned pregnancy.
In the present study, our aim was to investigate whether this pattern also applied to older first-time fathers. Thus, the aim was not to identify the effect of advanced paternal age on pregnancy, childbirth and infant outcomes, but only to describe the characteristics of older first-time fathers. Specifically, the aims were: 1) to give an overview of characteristics at different ages when having the first child, from the age of 25 years and above; and 2) to investigate associations between advanced and very advanced paternal age respectively, and sociodemographic background, health behaviour, physical and mental health problems, social relationships, and whether pregnancy was planned or a result of medically assisted reproduction.
Methods
Selected data on first-time fathers were obtained from the Norwegian Mother and Child Cohort, a population-based cohort study conducted by the Norwegian Institute of Public Health. Participants were recruited from all over Norway from 1999-2008, and 38.5% of the invited women consented to participate. The cohort now includes 108 000 children, 90 700 mothers and 71 500 fathers. The method is described in previous publications [10, 11] . In the period from 2000 to 2008, fathers-to-be from all over Norway were recruited to the study through a postal invitation, which was sent to the mothers-to-be in connection with the routine ultrasound examination at 17-18 weeks of gestation. The woman was asked to forward the invitation and a questionnaire to the father-to-be, and if he agreed to participate in the study, he returned his signed informed consent form and the completed questionnaire to the research team. For the present study, selected data about first-time fathers who filled in the questionnaire from April 2005-2008 (version V) was used, since the questionnaire version used during this period included full information relevant for our study. Data were also retrieved from the questionnaires filled in by their partners at the same time point. To assess the representativity of the study sample, we used data from the Norwegian Medical Birth Register, which includes information about all deliveries in Norway [12] .
Paternal age
Information about paternal age was obtained from the Norwegian Medical Birth Register and defined as age at the time of the baby's birth. There is no consensus regarding the definition of 'advanced' paternal age. We chose age cut-offs based on five-year intervals, as in many other studies [13] [14] [15] [16] [17] , and defined 'advanced' age as 35-39 years and 'very advanced' as ≥40 years. As a comparison group, we chose men aged 25-34 years, and excluded the youngest, who constitute a selected group with higher risk of negative exposures [14, 18] .
Descriptive variables
Variables describing men's characteristics were classified into four blocks, in accordance with the second aim of the study.
Sociodemographics
Block 1 included the following sociodemographic characteristics: mother tongue (Norwegian vs other than Norwegian), ongoing or completed education (primary school, secondary school, higher education ≤4 years, higher education >4 years), employment (employed, selfemployed, student, unemployed/disabled/rehabilitation), annual income (<200,000 NOK -≥500,000 NOK) and civil status (married/cohabiting vs single).
Health behaviour and health problems
Block 2 included health behaviour at the time of early pregnancy: smoking (no, yes daily, yes sometimes), alcohol usage (frequency and amount), physical activity (frequency), body mass index; physical health problems: migraine, headache, asthma, diabetes, cancer, cardiovascular disease, high blood pressure, abdominal pain, Crohn's disease/ulcerative colitis, prolonged muscle pain, Mb Bechterew/rheumatoid arthritis, lower back pain, neck and shoulder pain, sexually transmitted diseases (chlamydia, genital herpes or warts, gonorrhoea); and mental health problems: sleeping problems, previous depressive symptoms, psychological distress. Questions about physical health problems and sleeping problems were phrased 'Do you have, or have you had any of the following illnesses or health problems?' followed by a list of symptoms. Previous depressive symptoms were measured by the Lifetime Major Depression Scale [19] . After the question 'Have you ever experienced the following for a period of two weeks or more earlier in life?' the respondent was asked to tick yes or no after the following statements: '1=Felt depressed, sad' , '2=Had problems with appetite or eaten too much' , '3=Been bothered by feeling weak or lack of energy' , '4=Really blamed yourself and felt worthless' , '5=Had problems with concentration or had problems making decisions' , and '6=Had at least three of the problems named above simultaneously'. Respondents who ticked yes on items 1 and 6 were classified as having previous depressive symptoms [20] . Current psychological distress was measured using a short form of the Symptom Checklist (SCL-5) [21, 22] . The question 'Have you been bothered by any of the following feelings during the past two weeks?' was followed by the items: 'feeling fearful' , 'nervousness or shakiness inside' , 'feeling hopeless about the future' , 'feeling blue' , and 'worrying too much about things'. Each item is scored on a 4-point scale (1=not bothered, 2=a little bothered, 3=quite bothered and 4=very bothered) with the total sum ranging from 5 to 20. Mean scores were calculated and a cut-off at ≥2 was defined as psychological distress [23] .
Present pregnancy
Block 3 included variables retrieved from the partner's (woman's) questionnaire and related to whether the present pregnancy was unplanned (Yes/No). The woman was asked if she had been treated for infertility in relation to the present pregnancy, and if so what type of medically assisted reproduction (MAR) treatment she had received: hormone treatment, intra-vaginal insemination or in vitro fertilisation (IVF) [24] .
Social relationships
Block 4 included the following variables related to social relationships: feeling lonely, having a support person other than partner, contacts with family and friends, and satisfaction with partner relationship. Satisfaction with partner relationship was measured using the five-item Relationship Satisfaction Scale [25] , which is a shortened and modified version of the Marital Satisfaction Scale [26] . It includes the items: 'My partner and I have problems in our relationship' , 'I am very happy in my relationship' , 'My partner is usually understanding' , 'I am satisfied with my relationship with my partner' and 'We agree about how children should be raised'. Each item is scored on a 6-point Likert scale with the end points 'Completely agree' and 'Disagree completely'. The total sum ranges from 5 to 30. A mean score was computed for each individual, which was then dichotomised into dissatisfied (score <4) and satisfied (scores 4-6) [25] . In cases of a maximum of two missing values on either of the two five-item scales, answers were imputed; imputation was performed in 0.8% of the cases on the SCL-5 scale, and in 1.2% of the cases on the Relationship Satisfaction Scale [27] .
Statistical analyses
To assess the representativity of the study sample, we compared the men with all other first-time fathers in Norway in the same period, 2005-2008, using data from the Norwegian Medical Birth Register and the χ 2 -test for analysis. Figures were constructed showing the distribution of background characteristics by paternal age from 25 years to ≥45 years, and also the fathers' age in relation to the age of the babies' mothers. To investigate possible associations between 'advanced' and 'very advanced' paternal age respectively and all the descriptive variables, analyses were conducted in three steps. First, all the variables were tested one by one in bivariate analyses. Second, a multivariate logistic regression analysis of the statistically significant variables was conducted for each block of variables. Third, final multivariate logistic regression models were constructed, one for each age category, in which blocks 1 to 4 were entered one by one in a sequential order. Variables were left in the models if statistically significant (p<0.05) in one or both age categories. Only the final models are presented as crude and adjusted odds ratios (OR) with 95% confidence intervals (CI 95%). Internal missing values were between 0.0-3.0%, except for the alcohol variables (3.2-3.4%) and social relationship variables (0.6-1.7%). To retain cases with one or more missing values for categorical variables in the final model, a specific category 'missing' was constructed (not shown). Single imputations were made using Missing Value Analysis (MVA) and the Expectation Maximization (EM) algorithm method [28] . The remaining items on the scales were used as predictors for these imputations [27] . Collinearity for the final model was assessed using condition index.
The explained variance (Nagelkerke R 2 ) of the two models was calculated for each block separately when entered into the models (one by one), and the cumulative explained variance was calculated when each block was added to the preceding blocks in the order described above.
The 
Results
A total of 127 231 pregnant women were asked to forward an invitation also to the baby's father to join the Mother and Child Cohort study during the study period; 36 879 (29%) men consented to participate and received the questionnaire, and 33 944 (92%) actually responded. From this group, we excluded men who had at least one previous child (n=17 925) and the youngest first-time fathers of ≤24 years (n=1187) who were beyond the scope of this study, leaving a final sample of 14 832 firsttime fathers. Table 1 shows the characteristics of the sample compared with all first-time fathers in Norway during the study period. Men in the study sample differed from those in the Norwegian cohort of new fathers aged 25 years and above: men aged 35-39 were slightly overrepresented and men ≥40 years were slightly underrepresented. Additionally, more men in the study sample had a high level of education and fewer had a low level of education, or a mother tongue other than Norwegian. Figure 1a shows that, although university/college education (>4 years) and high annual income increased by paternal age, these outcomes peaked in men aged 33 and 42 years respectively, and were slightly less common in the oldest men. Unemployment, single status, and native languages other than Norwegian were somewhat more common among the oldest. Being overweight or obese seemed to increase with age ( Figure 1b) ; physical and mental health problems increased from the age of about 35 years ( Figure 1c, d) ; and, compared with the youngest group, the partner's pregnancy was more often planned or a result of IVF (Figure 1e ). Social contacts with family, other than their partner, and friends seemed to decline gradually with age, but satisfaction with the partner relationship was about the same in all age groups (Figure 1f ). Figure 2 shows the mean maternal age in relation to the age of first-time fathers. The mean age in the mothers increased with paternal age: the mean was 32.6 years and the median 33 for the partners of men of advanced age (35-39 years); and the mean was 35.1 years and the median 36 for the partners of men of very advanced age (≥40 years). Having a partner younger than themselves was more common for fathers of advanced and very advanced age than for younger men. Table 2 shows the crude and adjusted odds ratios for men of advanced age and very advanced age compared with the comparison group of 25-34 year-olds regarding sociodemographic characteristics (Block 1), health behaviour and health problems (Block 2), planning of pregnancy (Block 3) and social relationship variables (Block 4).
All sociodemographic variables differed from the comparison group. Unemployment, a low level of education and an immigrant background were features associated with having the first baby at an advanced or very advanced age, but affected only a few individuals. In contrast, the older men were more likely to have a high income (≥500 000 NOK (Norwegian krone) ≈65 000 €) and to be self-employed. The odds were nearly twofold and fourfold respectively that men of advanced and very advanced age would be unmarried or non-cohabiting. Health behaviour, physical and mental health problems also differed with age. The older men were more likely to be overweight or obese, to be smokers and to consume alcohol more frequently than the comparison group; however, they were less likely to be heavy consumers. Physical health problems, such as low back pain, were more common in older fathers, and most common in those of advanced age. Few were affected by cardiovascular disease and high blood pressure, but the odds were higher for the oldest groups compared with the youngest. The mental health problems associated with high paternal age were sleeping problems (advanced age), and previous depressive symptoms (advanced and very advanced age), but not ongoing psychological distress.
An unplanned pregnancy was as common in the oldest group as in the youngest, although less likely in men aged 35-39 years. The odds of the baby having been conceived after medically assisted reproduction were threefold in men aged 34-39 and fourfold from 40 years and above, compared with the youngest group.
Finally, limited contact with family and friends, and lack of support from others apart from their partner, was more common for the oldest men. Very few reported a poor partner relationship, but the relationship seemed most problematic for men aged 35-39. The following variables were not associated with paternal age in either of the groups in the final model: physical activity, asthma, migraine, headache, diabetes, cancer, stomach-ache, Crohn's disease/ulcerative colitis, prolonged muscle pain, psychological distress and feeling lonely. Table 3 shows that the models explained 12.7% (35-39 years) and 17.5% (≥40 years) of the variance, respectively. In the older age groups, most of the variance, 6.8% and 7.9% respectively, was explained by sociodemographic factors.
Discussion
This study reveals that men who become fathers for the first time at an advanced (35-39 years) or very advanced age (≥40 years) in Norway seem to constitute a heterogeneous group from a socioeconomic perspective: highincome earners were overrepresented, as well as men with a low level of education and men who were unemployed. It was also more common for the older men to be single or have less favourable social relationships, and they were at higher risk of negative health behaviour and health problems. Nevertheless, the vast majority lived up to the conditions set by many men when asked about the appropriate time for having the first baby; i.e. one should have a completed education, a permanent job and a stable financial situation, and be in a stable relationship [29, 30] . Thus, the overall picture was very similar to the one reported in our previous study of first-time mothers [9] .
As men do not face the same biological age limit for having children, more men than women have children at an advanced or very advanced age. Available data suggest that about 10% of fathers in the Nordic countries, Australia, England, Wales, and France are in their 40s, and a smaller percentage have children after 50 [5] . In the present population-based sample, 5.2% of the men were 40 years and above, compared with 6.8% in the national population of first-time fathers.
The medical risks associated with advanced paternal age have not gained the same level of attention as those related to advanced maternal age. This might be explained by the fact that men are able to become fathers later in life than women, and there has been less research into male factors than into those relating to females. The potential negative effect of advanced male age on reproductive outcome has been related to deterioration in sperm quality, but the specific age at which problems may occur cannot be easily defined. Studies of infertility are inconclusive; while one review has concluded that paternal age above the late 30s is a risk factor [31] , another [7] specified that male age was a risk factor at least in couples where men are older than 40 and women are at least 35 years old. The present study only includes men where conception has been successful, and the issue of sperm quality in this context is relevant only in relation to its influence on obstetric and infant outcomes; however, many of the couples had experienced fertility problems.
The most important risk associated with advanced paternal age is related to having a baby with a woman of advanced age [5, 6] . In first-time mothers, a range of obstetric and infant complications, such as caesarean section, Figure 2 First-time father's age in relation to the age of his baby's mother (mean, ±2SD) (n=14 832). preterm birth, and perinatal mortality increase with age, particularly from the mid-30s [5, 32] . In our study, the median age of the partners of men of advanced and very advanced age was 33 and 36 years respectively. Thus, about 50% of these men had a partner who was at risk of age-related complications. Little is known about the combined effect of expecting the first child at an advanced male and advanced female age. In their recent review of the consequences of postponement of parenthood, Schmidt et al. [5, 33] concluded that 'as women in general have partners who are several years older than themselves, it is important to focus more on the combined effect of advanced female and advanced male age on reproductive outcomes in the future. ' We are not aware of any negative obstetric complications associated with the higher prevalence of low education, unemployment and single status, among first-time fathers of very advanced age. These characteristics may be harder to accept at the age of 40 and above than earlier in life, and may have a negative influence on the relationship between the new parents and the social context in which the baby is born. These men do not fit into the general picture of men who postpone pregnancy in order to obtain a more stable start for the newborn baby. The small group of socioeconomically disadvantaged men may have a more challenging transition into fatherhood, finding it difficult to establish optimal conditions for developing contact and attachment with the baby [34] . A qualitative study showed that working-class fathers were less likely to be involved in childrearing than middle-class fathers, and that they more easily adopted the traditional gender role as breadwinner [35] .
In addition to the independent effect of advanced male age on obstetric and neonatal outcomes [7] , male age is associated with a lower chance of achieving a live birth by IVF/ICSI treatment [36] . The older men in our study were at higher risk than younger men of being overweight or obese, of having high blood pressure, and of practising risky behaviour such as smoking and frequent alcohol consumption. Some of these factors may affect reproductive outcomes. Smoking, for example, negatively affects sperm production, motility and morphology, and is associated with an increased risk of DNA damage [37, 38] . Obesity may have an indirect effect by increasing the risk of cardiovascular disease, diabetes, and some cancers [39] , in addition to a direct effect on time to pregnancy (TTP) [33, 40] especially in cases where also the woman is obese. Furthermore, the home environment in which the child will be brought up is influenced by the parents' health behaviour [41] .
The strength of this study is the large sample of firsttime fathers, and data on fathers-to-be are seldom available from national statistics [1] . The low response rate may be a consequence of the recruitment process. Nonresponding and less advantaged women [9] , or women who did not have any contact with the baby's father, would probably not assist in the recruitment by forwarding the invitation and questionnaire. Consequently the most vulnerable fathers-to-be, as well as couples, are not included in this study and the negative outcomes may therefore be underestimations.
Conclusion and clinical implications
The men who became fathers for the first time at an advanced age or very advanced age constituted a socioeconomically heterogeneous group, where the vast majority had a stable financial and social situation, and a minority was characterised by a low level of education, unemployment or single status. Health problems and risky health behaviour were more common than in younger men. Overall, the characteristics were very similar to those reported in older mothers-to-be. Our findings may modify a relatively common view that older first-time fathers constitute a homogeneous group of well-established and resourceful individuals. This information may help clinicians who care for expectant and new parents to provide more individualised care and support.
The higher rates of health problems and risky health behaviours in the men of advanced and very advanced age, and the fact that these men often had their first child with a woman of advanced age, suggest that the risk of adverse obstetric and perinatal outcomes would increase. Although it is beyond the scope of this study to draw conclusions about the effects of increased paternal age, our findings highlight characteristics of older firsttime fathers that should be further investigated, the most important being the combined effect of advanced paternal and maternal age. Even if specific knowledge about the combined effects is limited, there is sufficient Variables in each block as in Table 2 .
evidence about the adverse negative effects of advanced maternal age on fertility and perinatal outcomes, and also about the negative effects of advanced paternal age on fertility and some infant outcomes, in order to support public health interventions focusing on information to young women and men, maybe already in school. There is, for example, a widespread misapprehension that assisted reproductive technology (ART) is a simple and effective solution to infertility problems. A Swedish study showed that male students were too optimistic regarding age-related female fecundity, and they also overestimated the chances of having a child through IVF treatment [30] . We therefore advocate that young women and men should be given more information about fecundity and the medical risks associated with postponing childbirth. Furthermore, we welcome investigations about effective incentives, such as facilitation of parental leave and improved financial conditions, for couples to conceive a few years earlier than is usual in modern societies of today.
